Introduction
============

Cervical cancer is the third most commonly diagnosed cancer and the fourth leading cause of cancer death in females worldwide, despite improvements in screening programs, which have allowed the diagnosis of preinvasive lesions and reduced the incidence of advanced stage cervical cancer \[[@B1]\].

Several features of cervical cancer are prognostically important, including the extent of tumor, lymph node involvement, tumor size, lymph vascular space invasion, and depth of stromal invasion by tumor cells \[[@B2],[@B3]\]. Optimal management consists of precise staging and implementation of appropriate treatment followed by deliberate post-treatment surveillance, early detection of recurrence, and appropriate salvage therapy. Early detection of recurrence has been found to improve survival \[[@B4]-[@B6]\].

Several methods are available for detection of relapse, which serve as a significant prognostic factor for patients with cervical cancer. However, the disease is usually far advanced when the accompanying symptoms are observed. Screening Pap smear is insufficient for detection of early disease, diagnosis of relapse by physical examination is difficult because of anatomical changes after the initial treatment, and frequent performance of computed tomography (CT) or magnetic resonance imaging (MRI) is too expensive. To overcome these drawbacks, tumor marker analysis is widely used for early detection of recurrent disease.

Several tumor markers have been investigated in the search for prognostic parameters that could be used in monitoring of treatment response and in detection of recurrence in patients with cervical cancer. The squamous cell carcinoma antigen (SCC-Ag) is the most commonly used tumor marker for cervical cancer. Serum SCC-Ag level has shown correlation with the extent of the disease \[[@B7]-[@B9]\] and response to treatment and provides a valid tool for early detection of disease recurrence \[[@B10]-[@B13]\]. A very large proportion of patients (74-88%) present with an elevated SCC-Ag serum level in association with, or preceding, the disease \[[@B10]-[@B13]\], and 70-86% of cervical cancer patients with recurrent disease were found to have elevated SCC-Ag levels during follow-up \[[@B7],[@B10],[@B14],[@B15]\]. However, in some unusual cases, elevation of SCC-Ag was not observed at diagnosis but was observed at diagnosis but not at recurrence. Scambia et al. \[[@B10]\] reported on two patients with a normal initial SCC-Ag level but an elevated level at recurrence, and Rose et al. \[[@B16]\] reported on two patients whose pretreatment SCC-Ag level was abnormally high but a normal level was observed at recurrence. With regard to this phenomenon, Choi et al. \[[@B17]\] explained that the reason for an unusual level of SCC-Ag from normal to overexpression is that the number of tumor cells with antigen expression at diagnosis is insufficient. However, invasiveness and tumor size increase upon recurrence, resulting in an elevated level of SCC-Ag. For the opposite case, which is more difficult to explain, they proposed that most tumor cells with high antigen expression are removed after treatment, and the subsequent recurrence involves tumor cells with low levels of antigen expression.

The first objective of this study was to identify patient-, disease-, and treatment-related factors associated with an unusual SCC-Ag response, and the second objective was to determine whether SCC-Ag is a useful tumor marker in patients with unusual SCC-Ag patterns or whether an alternative approach is needed.

Materials and Methods
=====================

We conducted a retrospective review of clinical information from 1,610 patients with cervical cancer between January 1994 and December 2010. Among these patients, 895 were excluded due to the absence of pretreatment or post-treatment SCC-Ag value, incomplete treatment, or missing some clinical information. We therefore analyzed 715 patients with histologically proven cervical cancer who were treated with radiotherapy and/or chemotherapy or surgery with adjuvant radiotherapy and/or chemotherapy at Samsung Medical Center (SMC) in Seoul, Korea. We analyzed information regarding age, menopausal status, International Federation of Gynecology and Obstetrics (FIGO) stage, pathology, tumor size, lymph node involvement, pretreatment and post-treatment SCC-Ag levels, treatment modality, response to treatment, and recurrence.

Inclusion criteria were as follows: 1) biopsy-confirmed cervical cancer of clinical stage I-IV according to the FIGO Staging System; 2) definitive or postoperative radiotherapy combined with chemotherapy in any sequence; and 3) measurement of serum SCC-Ag levels before and after treatment.

All of the patients underwent pretreatment work-ups and routine clinical staging. The largest diameter of lymph nodes greater than 1 cm was interpreted as involved. We collected serum samples from all patients in order to determine serum SCC-Ag levels before and after treatment and performed a retrospective review of the patients\' records. Serum SCC-Ag was measured using a SCC immunoradiometric assay kit (Imx, Abbott Diagnostics, Abbott Park, IL) with a lower level of sensitivity of 0.1 ng/mL. The cut-off level of serum SCC used at SMC was 1.5 ng/mL. For assessment of biochemical response, SCC-Ag levels measured before and 1-2 months after the treatment were compared. When SCC-Ag showed a decrease after treatment, it was defined as a \"Positive biochemical response,\" while, in the reverse case, defined as a \"Negative biochemical response.\" Biochemical failure was defined as two consecutive increases in the SCC-Ag value of more than 1 ng/mL or elevation of greater than 1.5 ng/mL.

The median length of follow-up for all patients was 38.3 months (range, 1.1 to 161.4 months). Clinical examination, Pap smear, serum SCC-Ag measurement, and imaging work-up, including CT or MRI, were performed before and after treatment, followed by further work-up, depending on the clinical finding or serum SCC-Ag level. If a patient showed biochemical failure without evidence of local recurrence during the clinical follow-up examinations, all possible sites of recurrence were checked systemically. The initial site of recurrence was categorized as locoregional recurrence (LRR) or distant metastasis (DM) based on the location of the true pelvis. Among 129 patients with recurrence, 14 patients who showed a normal SCC-Ag level at diagnosis but an elevated level at recurrence were classified as group I; 22 patients with an elevated SCC-Ag level at diagnosis but not at recurrence were classified as group II; and 76 patients with an elevated SCC-Ag level at both diagnosis and recurrence were classified as group III. Patients with a normal SCC-Ag level at both diagnosis and recurrence were excluded in this study. We decided on an adequate treatment option for salvage therapy for recurred patients depending on their recurrence patterns. For patients with LRR, if operable, we performed salvage surgery; otherwise, reirradiation was performed. For patients showing distant metastasis, we chose chemotherapy prior to other treatment options for salvage treatment. It is notable that no significant difference in selection of the treatment option for recurred patients was observed among the three patient groups.

Statistical analyses were performed using chi-square test or Fisher\'s exact test, and one-way ANOVA was used to examine the relationships between unusual SCC-Ag levels and other clinicopathologic factors. Logistic regression analysis was used for multivariate analysis. Disease-free survival (DFS) and overall survival (OS) were calculated at the start of treatment using the Kaplan-Meier method. Log-rank test was used to determine the p-value, and p\<0.05 was considered significant. Statistical software SPSS ver. 18 (SPSS Inc., Chicago, IL) was used in performance of all statistical analyses.

Results
=======

The characteristics of the patient groups are shown in [Table 1](#T1){ref-type="table"}. The median ages of patients in groups I, II, and III were 45.5 years (range, 30 to 74 years), 56.0 years (range, 29 to 82 years), and 54.0 years (range, 30 to 79 years), respectively. Eight (57.1%), eight (36.4%), and 33 (43.4%) patients had a premenopausal status. With respect to clinical staging, five (35.7%), eight (36.4%), and 14 (18.4%) patients were stage I; eight (57.1%), 11 (50.0%), and 43 (56.6%) patients were stage II; 0 (0%), two (9.1%), and 13 (17.1%) patients were stage III; and one (7.1%), one (4.5%), and six (7.9%) patients were stage IV for groups I, II, and III, respectively. Regarding pathological characteristics, eight (57.10%), 19 (86.4%), and 72 (94.7%) patients in groups I, II, and III, respectively, had squamous cell carcinoma; five (35.7%), one (4.5%), and two (2.6%) patients had adenocarcinoma; and one (7.1%), one (4.5%), and two (2.6%) patients had adenosquamous cell carcinoma. Tumor size ranged between 1.6-8.0 cm (median, 4.2 cm) in group I, 2.1-14.0 cm (median, 4.4 cm) in group II, and 1.3-8.4 cm (median, 4.6 cm) in group III, and the patients were classified based on a size of 4 cm, which is the basis of size-based classification of FIGO stage. Five (35.7%), 12 (54.5%), and 50 (65.8%) patients in groups I, II, and III, respectively, had lymph node involvement. The initial levels of SCC-Ag in groups I, II, and III showed respective ranges of 0.2-1.4 ng/mL (median, 1.0 ng/mL), 1.5-21.0 ng/mL (median, 2.8 ng/mL), and 1.5-362.0 ng/mL (median, 8.4 ng/mL), and patients were classified based on a cut-off of 1.5 ng/mL, the value used in our hospital. Regarding response to treatment, nine (64.3%) patients in group I, 15 (68.2%) patients in group II, and 51 (67.1%) patients in group III showed complete response; two (14.3%), three (13.6%), and 19 patients (25.0%) showed partial response; two (14.3%), two (9.1%), and one (1.3%) patients showed progression of the disease; the result of treatment could not be assessed due to lack of records for one (7.1%), two (9.1%), and five patients (6.6%), respectively. Seven (50.0%), 16 (72.7%), and 62 (81.6%) patients in groups I, II, and III, respectively, showed a positive biochemical response. The site of recurrence was LRR in seven (50.0%), 12 (54.5%), and 37 patients (48.7%); DM in five (35.7%), nine (40.9%), and 33 patients (43.4%); and simultaneous LRR and DM in two (14.3%), one (4.5%), and six patients (7.9%) for groups I, II, and III, respectively.

A summary of the results of univariate and multivariate analyses for unusual SCC-Ag levels at initial diagnosis and recurrence is shown in [Table 2](#T2){ref-type="table"}. In univariate analysis, unusual SCC-Ag levels showed a statistically significant correlation with pathology and biochemical response. However, in the multivariate analysis, none of the clinicopathologic factors showed a statistically significant relationship with unusual SCC-Ag levels.

[Table 3](#T3){ref-type="table"} and [Fig. 1](#F1){ref-type="fig"} show DFS and OS of the patient groups. The 5-year DFS rates of groups I, II, and III were 7.1%, 9.1%, and 0% (p=0.418), and the 5-year OS rates were 34.3%, 58.4%, and 33.3% (p=0.142), respectively.

Discussion
==========

Consistent with previous reports \[[@B18],[@B19]\], SCC-Ag functioned as a tumor marker for most of the patients in our study. In classification of patients based on the standard cut-off level of 1.5 ng/mL SCC-Ag used at SMC, 66.3% of patients with cervical cancer showed an elevated SCC-Ag level on diagnosis, and 75.3% of patients showed an elevated SCC-Ag level at recurrence. In the current study, we assume that lower SCC-Ag levels at diagnosis, compared with previous studies, was due to a high proportion of patients with low stage and similar to that reported in other previously published studies \[[@B12],[@B13],[@B20]\]; we have shown that post-treatment SCC-Ag levels are helpful in detection of cervical cancer recurrence. In addition, the percentage of patients whose SCC-Ag level exceeded 1.5 ng/mL at diagnosis increased with increasing stage: 54.1%, 78.2%, 87.5%, and 95.5% for stages I, II, III and IV, respectively. Similar results were reported in a previous study \[[@B13]\]. Thus, the value of SCC-Ag as a tumor marker for the initial and relapse diagnoses of cervical cancer and its role as a prognostic factor have been confirmed by many previous studies, including the current study. However, a number of studies have reported unusual cases in which elevation of SCC-Ag level was observed at diagnosis but not at recurrence, or, conversely, was not observed at diagnosis but was observed at recurrence. We also observed 14 patients with the former pattern and 22 with the latter pattern among the patients in our recent study on the function of SCC-Ag \[[@B21]\]. Based on these findings, we became interested in the common characteristics of such patients and the role of SCC-Ag as a marker in these patients.

As shown in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, differences in stage, pathologic type, lymph node involvement, median value of initial SCC-Ag, and biochemical response were observed between the normal (group III) and unusual (groups I and II) SCC-Ag groups. Although only pathologic type showed statistical significance in multivariate analysis, pathology and biochemical response were statistically significant in univariate analysis. Regarding pathologic type, the proportion of squamous cell carcinoma, which was expected to show an association with higher SCC-Ag, compared with other pathologic types, was lower in groups I and II than in group III. The initial median SCC-Ag levels in groups I, II, and III increased by 1.0 ng/mL, 2.8 ng/mL, and 8.4 ng/mL, respectively. From these results, we conclude that the lack of elevation of SCC-Ag at diagnosis or relapse was due to low production of SCC-Ag. In group I, where absence of SCC-Ag elevation was observed at diagnosis, but elevation was observed at relapse, the initial production of SCC-Ag was low because there were few cells producing SCC-Ag. In contrast, the relapsed lesion contained many SCC-Ag-producing cells; therefore, elevated SCC-Ag was detected at recurrence. For group II, where elevation of SCC-Ag was observed at diagnosis, but normal levels of SCC-Ag were observed at relapse, we conclude that the primary lesion consisted of many cells producing SCC-Ag, however, these cells were no longer present after treatment. Thus, relapse involved cells that were not capable of producing SCC-Ag, indicating no elevation of SCC-Ag at recurrence.

Serum SCC-Ag has already been known to be a prognostic factor with respect to the aggressiveness of cervical cancer \[[@B7]-[@B9]\]. DFS and OS among the three groups are shown in [Fig. 1](#F1){ref-type="fig"} and [Table 3](#T3){ref-type="table"}. Although the current result lacked statistical significance, systematic relationship of SCC-Ag level with clinical outcome can be found. The 5-year DFS and OS of group III were lowest at 0% and 33.3%, and those of group II were highest at 9.1% and 58.4%, respectively. The lower DFS and OS of group III can be easily understood by the fact that it showed the highest level of SCC-Ag at initial diagnosis among the groups, which adversely affects the prognosis, as reported in the literature \[[@B7],[@B9],[@B10]\]. However, this simple explanation based only on the initial SCC-Ag level did not fully elucidate the differences in survival rates among the current patient groups. For example, group II showed a better survival rate than group I, even though the initial SCC-Ag level was higher in group II than in group I, implying that something other than the initial SCC-Ag level was necessary to explain the survival pattern. By cross checking the survival patterns in the three groups, we suggested that not only the initial SCC-Ag level but also the biochemical response according to SCC-Ag level may be related to the prognosis of cervical cancer. The better survival observed in group II, compared with that in groups I and III, can be explained by the fact that a larger portion of patients in group II showed a positive biochemical response after treatments and reduction of the productive capacity for SCC-Ag; hence, the expression of SCC-Ag can decline to the point that it cannot be detected at relapse.

The major finding in the current study is that the treatment response of patients with unusual change in SCC-Ag was not significantly different from that of the usual patient case with a typical SCC-Ag level. This implies that continuous check of SCC-Ag levels might be necessary for early detection of relapse, even in the case of an unusual patient. In particular, paying extra attention to group II patients with an elevated SCC-Ag level at initial diagnosis but with a normal SCC-Ag level at recurrence, including careful physical examination and imaging work-up, is strongly recommended. This result is consistent with those of previous studies \[[@B10]-[@B13]\], however, compared with previous studies, the reliability of the result may be further improved with the current analysis because a larger number of patients were enrolled in this study.

Nevertheless, this study has a number of limitations. Although this study included the largest number of patients with unusual SCC-Ag patterns analyzed to date, the sample size was not sufficient to validate statistical significance. In addition, although we identified some common characteristics of patients with unusual SCC-Ag patterns and found a similar response to treatment and a higher survival rate in these groups, we explained these findings only in terms of clinicopathologic factors without study of the underlying molecular biology. In order to overcome these limitations, further research involving biochemical analysis of a larger number of patients with unusual SCC-Ag patterns may be necessary in order to explain the clinical characteristics of these patients.

Conclusion
==========

The effectiveness of SCC-Ag level as a tumor marker and its role as a prognostic factor have been validated in the present study as consistent with previous studies. Biochemical response as well as SCC-Ag could be considered as prognostic factor in both patients with usual and unusual SCC-Ag level. This result strongly suggest that continuous follow-up of SCC-Ag levels is helpful for early detection or prediction of relapse in patient with cervical cancer.
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SQ, squamous cell carcinoma; AD, adenocarcinoma; ASQ, adenosquamous cell carcinoma; SCC-Ag, squamous cell carcinoma antigen; CR, complete response; PR, partial response; PD, progressive disease; LRR, locoregional recurrence; DM, distant metastasis.
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